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DECISION FEEDBACK EQUALIZER AND 
METHOD FOR UPDATING TAP 
COEFFICIENTS THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an equalizer used for a 

digital communication system, and more particularly, to a 
decision feedback equalizer (DFE) and a method for updat 
ing the tap coef?cient of the DFE. 

2. Description of the Related Art 
A transmitted signal is applied to a receiving system 

through a channel in a digital communication system includ 
ing a digital subscriber line receiving system. In a process in 
Which the transmitted signal passes through the channel, the 
transmitted signal may become distorted. Accordingly, inter 
ference noise such as intersymbol interference (ISI) and 
narroWband interference are generated. Therefore, the equal 
izer is used in the receiving system in order to correctly 
detect the received signal. Namely, the equalizer is used for 
correctly restoring the received signal by compensating for 
distortion in the received signal When it passes through the 
channel. 
When distortion is severe, the DFE reduces the ISI. In 

order for the DFE to correctly restore the received signal, an 
initializing process for adjusting the tap coefficients of the 
equalizer to a predetermined value and stabilizing the tap 
coef?cients is essential. A method of initializing the DFE 
using a calibration signal and a method of initializing the 
DFE using a signal unknoWn to the transmitter and the 
receiver are used for initializing the DFE. The latter is called 
a blind equalization. In particular, since a training sequence 
knoWn to the transmitter and the receiver cannot be used in 
a transmission system of a point-to-multipoint structure, the 
blind equalization is used. 

FIG. 1 is a block diagram shoWing the structure of a 
decision feedback equalizer according to a conventional 
technology. Referring to FIG. 1, the DFE according to the 
conventional technology includes a feedforWard equalizer 
10, a feedback equalizer 12, and a slicer 14. 

In general, in initializing the DFE according to the con 
ventional technology, the tap coef?cients of the feedforWard 
equalizer 10 and the feedback equalizer 12 are not stabilized. 
Accordingly, a considerable amount of decision error can be 
generated in the slicer 14. An error signal due to a difference 
betWeen an input signal of the slicer 14 and an output signal 
of the slicer 14 is used for updating the tap coefficients of the 
feedforWard equalizer 10 and the feedback equalizer 12 in 
the DFE according to the conventional technology (not 
shoWn in FIG. 1). When the output of the slicer 14 is not 
correctly performed during the initialization of the DFE, the 
tap coefficients are updated in the Wrong direction. As a 
result, the magnitude of the error signal increases, and the 
tap coefficients of the feedforWard equalizer 10 and the 
feedback equalizer 12 diverge occasionally. 

Also, since the feedforWard equalizer 10 and the feedback 
equalizer 12 include a shift register, a multiplier, and an 
adder, they update the tap coef?cients every symbol period. 
In such a case, the feedforWard equalizer 10 and the feed 
back equalizer 12 perform many calculations at a high 
speed. Therefore, a large amount of current is consumed in 
order to operate the DFE according to the conventional 
technology. 

SUMMARY OF THE INVENTION 

It is a feature of the present invention to provide a 
decision feedback equalizer in Which the tap coef?cients of 
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2 
a feedforWard equalizer and a feedback equalizer do not 
diverge but are stabilized during initialization and poWer 
ef?ciency is improved during a steady state. 

It is another feature of the present invention to provide a 
method for updating the tap coef?cients of the decision 
feedback equalizer. 

According to a feature of the present invention there is 
provided a decision feedback equalizer, comprising a ?rst 
equalizer for reducing interference noise of a channel in an 
input signal, a second equalizer for generating a feedback 
signal for reducing remaining interference noise, and an 
update controller for controlling the ?rst and the second 
equalizers so as to freeze said second equalizer When the ?rst 
equalizer is updated and to freeze the ?rst equalizer When the 
second equalizer is updated. 

According to another feature of the present invention, a 
feedforWard equalizer includes a plurality of tap coefficients 
corresponding to a time order of a signal and removes a 
post-cursor of a channel as Well as a pre-cursor of a channel 
by selecting a tap coef?cient corresponding to a middle time 
betWeen the tap coefficients as a main tap coef?cient. 

According to yet another feature of the present invention, 
an update value calculator is provided for calculating a tap 
coef?cient update value of the ?rst equalizer and a tab 
coef?cient update value of the second equalizer as the 
difference betWeen input and output signals of a slicer. 

According to still yet another feature of the present 
invention, a ?rst means is provided for reducing interference 
noise of a channel in an input signal, a second means is 
provided for generating a feedback signal for reducing 
remaining interference noise, and an update controller 
means is provided for controlling the ?rst and the second 
means so as to freeze the second means When the ?rst means 
is updated and to freeze the ?rst means When the second 
means is updated. 

Various other features and attendant advantages of the 
present invention Will become more fully appreciated as the 
same becomes better understood When considered in con 
junction With the accompanying draWings, in Which like 
reference characters designate the same or similar parts 
throughout the several vieWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above features and advantages of the present inven 
tion Will become more apparent by describing in detail a 
preferred embodiment thereof With reference to the attached 
draWings in Which: 

FIG. 1 is a block diagram shoWing the structure of a 
decision feedback equalizer according to a conventional 
technology; 

FIG. 2 is a block diagram shoWing the structure of an 
embodiment of a decision feedback equalizer according to 
the present invention; and 

FIG. 3 is a ?oWchart shoWing a method for updating the 
tap coef?cients of the decision feedback equalizer shoWn in 
FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, the present invention Will be described in 
detail With reference to the attached draWings. 

Applicants’ Korean Patent Application No. 98-42930, 
?led Oct. 14, 1998, is incorporated herein by reference. 

Referring to FIG. 2, a decision feedback equalizer accord 
ing to an embodiment of the present invention includes a 
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?rst equalizer 20, a signal calculator 28, a slicer 30, a second 
equalizer 40, an update value calculator 50, and an update 
controller 60. 

The ?rst equalizer 20 for removing pre-cursor interfer 
ence of an input signal from a communication channel 
includes a sampler 22, a feedforWard equalizer 24, and a 
doWn-sampler 26. 

The sampler 22 samples a signal received from the 
communication channel. The feedforWard equalizer 24 
includes a plurality of tap coef?cients corresponding to the 
time order of a signal. The feedforWard equalizer included in 
the decision feedback equalizer according to the conven 
tional technology removes only the precursor interference 
by selecting a tap coefficient corresponding to the earliest 
time as a main tap coef?cient among the tap coef?cients. 

HoWever, the feedforWard equalizer 24 included in an 
embodiment of the present invention partially removes a 
post-cursor as Well as the pre-cursor interference of the input 
signal from the channel by selecting a tap coefficient cor 
responding to a middle time as a main tap coef?cient among 
the input tap signal. The doWn-sampler 26 doWn samples the 
output signal of the feedforWard equalizer 24 at a symbol 
rate. 

The signal calculator 28 subtracts a feedback Which is an 
output signal of the feedback equalizer 40 from the output 
signal of the doWn-sampler 26 and provides the subtraction 
result to the slicer 30. The signal 28 can be realized using an 
adder or a subtracter. 

The slicer 30 receives the output of the signal calculator 
28, detects digital data Which is a logic ‘1’ or a logic ‘0’ 
value, and outputs the digital data. 
A second equalizer is the feedback equalizer 40 including 

a plurality of tap coef?cients for generating a feedback 
signal for removing the post-cursor interference, using the 
output signal of the slicer as an input signal. 

The update value calculator 50 includes an error signal 
calculator 52 for calculating an error signal by a difference 
betWeen the input signal of the slicer 30 and the output 
signal of the slicer 30, a ?rst update value calculator 54 for 
multiplying the error signal by a predetermined ?rst gain 
value #1 and calculating the tap coefficient update value of 
the feedforWard equalizer 24, and a second update value 
calculator 56 for multiplying the error signal by a predeter 
mined second gain value p2 and calculating the tap coef? 
cient update value of the feedback equalizer 40. The error 
signal calculator 52 can be realized using an adder or a 
subtracter. The ?rst update value calculator 54 and the 
second update value calculator 56 each can be realized using 
a multiplier. 

The update controller 60 controls the update of the tap 
coef?cients so as to freeze the tap coef?cients of the feed 
back equalizer 40 for a predetermined ?rst time period When 
the tap coef?cients of the feedforWard equalizer 24 are 
initialized, and to freeze the tap coef?cients of the feedfor 
Ward equalizer 24 for a predetermined second time period 
When the tap coef?cients of the feedback equalizer 40 are 
initialized, during a blind initialization. During a steady 
state, the update controller 60 repeatedly controls the update 
of the tap coef?cients so as to alternately freeze the tap 
coef?cients of the feedback equalizer 40 for a predetermined 
third time period When the tap coef?cients of the feedfor 
Ward equalizer 24 are updated and the tap coef?cients of the 
feedforWard equalizer 24 for a predetermined fourth time 
period When the tap coef?cients of the feedback equalizer 40 
are updated. 

Hereinafter, a process of updating the tap coef?cients of 
the decision feedback equalizer Will be described With 
reference to FIGS. 2 and 3. 
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4 
When the blind initialization starts With respect to a signal 

received through a communication channel (not shoWn), the 
update of the tap coef?cients is controlled so as to freeze the 
feedback equalizer 40 so as not to initialize the tap coef? 
cients of the feedback equalizer 40 and to initialize only the 
tap coef?cients of the feedforWard equalizer 24 (step 300). 
The step 300 is maintained for a predetermined time X1 
during Which the feedforWard equalizer 24 is suf?ciently 
initialized (step 305). During this time, the post-cursor 
interference as Well as the pre-cursor interference is partially 
removed by selecting the middle tap coef?cient as the main 
tap coef?cient among the tap coef?cients included in the 
feedforWard equalizer 24. 
When the initialization of the feedforWard equalizer 24 is 

completed, the feedforWard equalizer 24 is frozen so that the 
tap coef?cients of the feedforWard equalizer 24 are not 
changed and the tap coef?cients of the feedback equalizer 40 
are initialized (step 310). The step 310 is maintained for a 
predetermined time X2 in Which the feedback equalizer 24 is 
suf?ciently initialized (step 315). 
The distortion of the input signals is compensated for by 

freezing the update of the tap coefficients of the feedback 
equalizer 40 for a predetermined time X3 and updating the 
tap coef?cients of the feedforWard equalizer 24, in the steady 
state (steps 320 and 325). After the lapse of the predeter 
mined time X3, the distortion of the input signal is compen 
sated for by freezing the update of the tap coef?cients of the 
feedforWard equalizer 24 for another predetermined time X4 
and updating the tap coef?cients of the feedback equalizer 
40 (steps 330 and 335). Namely, in the steady state, the 
process of equalizing the input signal proceeds by alter 
nately selecting betWeen the feedforWard equalizer 24 and 
the feedback equalizer 40 and updating only the tap coef 
?cients of the selected equalizer. Since the feedforWard 
equalizer 24 and the feedback equalizer 40 partially remove 
the post-cursor interference in the steady state, the system 
stably operates even though the tap coef?cients of the 
equalizers 24 and 40 are alternately updated. Also, according 
to an embodiment of the present invention, since the tap 
coef?cients of the feedforWard equalizer 24 and the feed 
back equalizer 40 are alternately updated, poWer used for 
updating the tap coef?cients is reduced to half that of the 
conventional technology in Which the tap coefficients of the 
feedforWard equalizer 24 and the feedback equalizer 40 are 
alWays updated. 
According to the present invention, it is possible to 

converge the respective tap coefficients rather than diverge 
them since the tap coef?cients of the feedforWard equalizer 
and the feedback equalizer are alternately initialized. 

It is to be understood that the provided illustrative 
eXamples are by no means exhaustive of the many possible 
uses for our invention. 

From the foregoing description, one skilled in the art can 
easily ascertain the essential characteristics of this invention 
and, Without departing from the spirit and scope thereof, can 
make various changes and modi?cations of the invention to 
adapt it to various usages and conditions. 

It is to be understood that the present invention is not 
limited to the embodiments described above, but encom 
passes any and all embodiments Within the scope of the 
folloWing claims. 
What is claimed is: 
1. A decision feedback equalizer, comprising: 
a ?rst equalizer for reducing channel interference noise of 

a channel in an input signal; 
a second equalizer for generating a feedback signal for 

reducing remaining interference noise; and 
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an update controller for controlling an updating operation 
of said ?rst and said second equalizers so as to freeze 
the updating operation of said second equalizer When 
said ?rst equalizer is updated and to freeze the updating 
operation of said ?rst equalizer When said second 
equalizer is updated. 

2. A decision feedback equalizer as claimed in claim 1, 
Wherein said ?rst equalizer comprises: 

a sampler for sampling an input signal; 
a feedforWard equalizer including a plurality of tap coef 

?cients for removing intersyrnbol interference from a 
signal sampled by said sampler; and 

a doWn-sarnpler for doWn-sarnpling said output signal of 
said feedforWard equalizer at a symbol rate. 

3. A decision feedback equalizer as claimed in claim 2, 
Wherein said feedforWard equalizer plurality of tap coeffi 
cients corresponds to a time order of a signal and removes 
post-cursor interference of a channel as Well as a pre-cursor 
interference of a channel by selecting a tap coef?cient 
corresponding to a middle time among said tap coefficients 
as a main tap coef?cient. 

4. A decision feedback equalizer as claimed in claim 1, 
further including a signal calculator for subtracting a feed 
back signal frorn an output signal of said ?rst equalizer. 

5. A decision feedback equalizer as claimed in claim 4, 
further including a slicer for detecting data from an output 
signal of said signal calculator. 

6. A decision feedback equalizer as claimed in claim 5, 
further including an update value calculator for calculating 
a tap coef?cient update value of said ?rst equalizer and a tap 
coef?cient update value of said second equalizer as the 
difference betWeen an input signal of said slicer and an 
output signal of said slicer. 

7. A decision feedback equalizer as claimed in claim 6, 
Wherein said update value calculator comprises: 

an error signal calculator for calculating an error signal as 
said difference betWeen an input signal of said slicer 
and an output signal of said slicer; 

a ?rst update value calculator for calculating said tap 
coef?cient update value of said ?rst equalizer by rnul 
tiplying said error signal by a predetermined ?rst gain 
value; and 

a second update value calculator for calculating said tap 
coef?cient update value of said second equalizer by 
multiplying said error signal by a predetermined second 
gain value. 

8. A decision feedback equalizer as claimed in claim 1, 
Wherein said update controller controls the update of tap 
coef?cients so as to freeze tap coef?cients of said second 
equalizer for a predetermined ?rst time period When tap 
coef?cients of said ?rst equalizer are initialized and to freeze 
said tap coefficients of said ?rst equalizer for a predeter 
rnined second time period When said tap coef?cients of said 
second equalizer are initialized, during a blind initialization, 
and repeatedly controls said update of said tap coefficients 
by alternately freezing said tap coef?cients of said second 
equalizer for a predetermined third time period When said 
tap coef?cients of said ?rst equalizer are updated and 
freezing said tap coef?cients of said ?rst equalizer for a 
predetermined fourth time period When said tap coefficients 
of said second equalizer are updated, in a steady state. 

10 

15 

25 

40 

45 

55 

6 
9. A decision feedback equalizer as claimed in claim 5, 

Wherein said second equalizer uses said output signal of said 
slicer as an input signal. 

10. A method for updating a decision feedback equalizer 
comprising a ?rst equalizer for reducing channel interfer 
ence noise of an input signal, a slicer for detecting data in a 
signal obtained by subtracting a feedback signal from an 
output signal of said ?rst equalizer, and a second equalizer 
Which generates a feedback signal reducing the remaining 
interference noise using an output signal of said slicer as an 
input signal, said method comprising the steps of: 

conducting a blind initialization updating step, Wherein 
said blind initialization updating step comprises the 
steps of: 
freezing an updating operation of said second equalizer 

for a predetermined ?rst time period When said ?rst 
equalizer is updated; and 

freezing an updating operation of said ?rst equalizer for 
a predetermined second time period When said sec 
ond equalizer is updated; and 

conducting a steady state updating step, Wherein said 
steady state updating step comprises: 

freezing the updating operation of said second equal 
izer for a predetermined third time period When said 
?rst equalizer is updated; and 

freezing the updating operation of said ?rst equalizer 
for a predetermined fourth time period When said 
second equalizer is updated. 

11. A method for updating a decision feedback equalizer 
as claimed in claim 10, further including the step of pro 
viding a plurality of tap coef?cients for said ?rst and second 
equalizers. 

12. A decision feedback equalizer, comprising: 
?rst means for reducing channel interference noise in an 

input signal; second means for generating a feedback 
signal for reducing rernaining interference noise; and 

an update controller that controls an updating operation of 
said ?rst and said second means so as to freeze the 
updating operation of said second means When said ?rst 
means is updated and to freeze the updating operation 
of said ?rst means When said second means is updated. 

13. Adecision feedback equalizer as claimed in claim 12, 
Wherein said ?rst and second means are equalizers. 

14. Adecision feedback equalizer as claimed in claim 12, 
Wherein said ?rst and second means include a plurality of tap 
coef?cients. 

15. Adecision feedback equalizer as claimed in claim 14, 
Wherein said update controller controls the update of said tap 
coef?cients so as to freeze tap coef?cients of said second 
means for a predetermined ?rst time period When said tap 
coef?cients of said ?rst means are initialized and to freeze 
said tap coefficients of said ?rst means for a predetermined 
second time period When said tap coef?cients of said second 
means are initialized, during a blind initialization, and 
repeatedly controls said update of said tap coef?cients by 
alternately freezing said tap coef?cients of said second 
means for a predetermined third time period When said tap 
coef?cients of said ?rst means are updated and freezing said 
tap coefficients of said ?rst means for a predetermined fourth 
time period When said tap coef?cients of said second means 
are updated, in a steady state. 

* * * * * 


